A European study shows that the 5-year relative survival rates had improved significantly from 1990-1994 to 2000-2004 [2], although the difference was greater for patients younger than 70 years. In another trend analysis based on World Health Organization (WHO) mortality data, the median reduction of BC mortality from 1989 to 2006 was 37% for women younger than 50 years, 21% for those in the range of 50-69 years, and only 2% for women older than 69 years [3] .
Introduction
More than 50% of breast cancers (BCs) are diagnosed in patients aged 65 years or older [1] . The BC incidence rises with increasing age, reaching a plateau between 65 and 69 years. The proportions and absolute numbers of BC cases and deaths in the elderly will increase due to increasing life expectancy. In addition, BC among the elderly will soon be a major public health concern, and treatment must be optimized with regard to efficacy, quality of life, and cost effectiveness. 
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Summary
Elderly breast cancer patients are underrepresented in clinical trials, leading to a lack of knowledge regarding their tolerance of modern chemotherapy regimens. In addition, physicians are often reluctant to treat older patients with chemotherapy due to potential side effects. This article summarizes the up-to-date literature on chemotherapy in elderly patients with breast cancer, evaluates the impact of the patients' comorbidities and treatment alterations and aims to encourage treating patients adequately according to their disease in combination with the biological age rather than the chronological age alone. Finally, a short overview is given of the recruiting studies in Europe evaluating chemotherapy in elderly patients.
Elderly patients have often been excluded from clinical trials investigating the advantages of new adjuvant systemic treatments. This has led to a lack of randomized controlled trials evaluating different chemotherapy regimens in elderly patients. The multimorbidity of elderly patients complicates the design of homogeneous study collectives. On the other hand, clinical trials designed for elderly patients had difficulties in recruitment (ACTION, ESTEEeM, and CASA trial), even with international collaboration [5] . Increasing age is significantly associated with low rates of chemotherapy [6] . Treatment recommendations for younger women cannot simply be transferred to elderly patients [7] [8] [9] .
Adjuvant Chemotherapy in Elderly Patients
Adjuvant! Online is a tool for assessing the risk of recurrence and death of an individual patient within 10 years, when receiving specific treatment (on the basis of well-validated factors such as age, estrogen receptor (ER) status, number of involved axillary lymph nodes, etc.). These tools might support the decision on the most appropriate adjuvant treatment regimen (chemotherapy, endocrine therapy, or none); however, they are a decision aid and do not direct towards a specific treatment regimen. In general, a taxane-containing chemotherapy lowers the recurrence risk by one-third, independent of age, whereas the absolute benefit is smaller in elderly patients. Nevertheless, chemotherapy is still the standard of care for many women with BC, irrespective of age. Among cooperative clinical trials sponsored by the National Cancer Institute for early-stage BC, women ≥ 65 years of age constitute only 18% of the participants, whereas they constitute 49% of the eligible pool of newly diagnosed cases. One study suggested physicians as a key barrier to enrolment of older women in clinical BC trials [10] . While there is a paucity of data for women over the age of 70, a meta-analysis by the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) [11] clearly delineates the benefits of chemotherapy for women up to the age of 69 years. This is true for various comparisons, e.g., anthracycline-containing regimens versus no anthracycline or taxane-containing regimens versus no taxane. The number of women aged 70 or older is small and therefore confidence intervals (CIs) are large. In these analyses, ER-negative patients in the age group of 60-69 years who received chemotherapy demonstrated a proportional (absolute) risk reduction of 18% (4%) in recurrence and 8% (4%) in mortality. This proportional reduction was about half as great as that seen in women under the age of 50, with patients in this latter age group demonstrating a 34% (5%) and 27% (5%) reduction in recurrence and mortality, respectively. For women aged 50-69 years, these benefits translate into an absolute gain in 10-year survival of 2% for node-negative disease and 3% for node-positive disease. However, even if patients above the age of 50 might benefit less than younger patients, they still benefit. In a large retrospective study conducted by Bouchardy et al. [12] in 407 patients aged ≥ 80 years, 41.7% of deaths were directly attributable to BC. Correct management with surgery plus adjuvant treatment remarkably reduced the adjusted hazard ratio (HR) for BCrelated death to 0.1 (95% CI 0.0-0.4) compared with supportive care alone, and increased the 5-year BC-specific survival to 90% compared to 51% with tamoxifen alone [8] .
The first, and still the only published, prospectively randomized study in elderly patients of 65 years or older with median-to high-risk BC was undertaken by the Cancer and Leukemia Group B (CALGB) [13] . The study included 633 patients and compared the efficacy of standard chemotherapy (either cyclophosphamide, methotrexate, and fluorouracil (CMF) or doxorubicin plus cyclophosphamide (AC)) with the oral 5-fluorouracil prodrug capecitabine as monotherapy in women with stage I-IIIB early-stage BC. Overall, the study demonstrated a significantly better disease-free and overall survival for the group receiving the combination chemotherapy. In an unplanned subset analysis, patients with hormone receptor-negative disease derived the highest benefit from the combination therapy. However, 4 cycles of AC is no longer considered as a standard chemotherapy for BC [14] , although it might be considered as a standard therapy for elderly patients. Taxanes are considered for all patients as standard of care, irrespective of the lymph node status [12, 15, 16] . It could be demonstrated that 4 cycles of docetaxel and cyclophosphamide (TC) reduce the risk of relapse and death independent of age and also in the group of women older than 65 years [17] . Currently, ongoing trials evaluate if TC given 6 times is superior or at least as good as an anthracyclinecontaining standard regimen like FEC-Doc (5-fluorouracil, epirubicin, cyclophosphamide followed by docetaxel) or ECDoc. None of the proposed regimens, apart from AC, has been tested in the elderly population. Therefore, it is not valid to extrapolate the data by Jones et al. [17] and declare TC as 'new' standard chemotherapy for elderly patients or patients with cardiac diseases, as TC was tested in neither of these groups. Standard regimens such as EC followed by paclitaxel weekly have a favorable toxicity profile and might therefore be the preferred choice as adjuvant chemotherapy for fit elderly women with an indication for adjuvant chemotherapy [9] . Taxanes can be given also to elderly patients, which was demonstrated by a retrospective analysis of 4 large, prospectively randomized trials [18] . A retrospective analysis by Du et al. [19] examined the effectiveness of adjuvant chemotherapy in 5464 women aged 65 or older with node-positive operable BC registered at the Surveillance, Epidemiology and End Results (SEER) database. They concluded that mortality was significantly reduced in women aged 65-69 years who received adjuvant chemotherapy compared to those who did not. However, chemotherapy failed to show a significant effect on mortality in women aged ≥ 70. Du and colleagues [20] adverse effects in 35,000 women with stage I-IV BC. They reported an increase of hospitalization according to comorbidities, but not by age alone. The CALGB published data on the toxicity experienced by older and younger patients treated with adjuvant chemotherapy for node-positive BC. In total, 6642 patients were included in the analysis of 3 trials: a comparison of cyclophosphamide, doxorubicin, and fluorouracil in 3 dose schedules; cyclophosphamide and doxorubicin with or without paclitaxel and cyclophosphamide, doxorubicin, and paclitaxel every 2 versus every 3 weeks. In total, 7% of the patients were older than 65 years and only 3% were older than 70%. The authors reported that, adjusted for treatment arm and study, increasing age was associated with an increased risk of grade 4 hematologic toxicity, but not for nonhematologic toxicity.
Dose-dense chemotherapy has not been proven in women older than 65 years [21] . Trastuzumab has also not been especially investigated in elderly patients. But a subgroup analysis from the Herceptin Adjuvant (HERA) Study did show an effect of trastuzumab independent of age [22] .
As outlined above, elderly patients being at lower risk of relapse have to have additional risk factors, especially in patients with endocrine-responsive disease, to justify an adjuvant chemotherapy, e.g., high lymph node involvement, large tumors, grade 3 tumors, HER2-positive disease (see section ICE II). Several tools might be helpful, i.e., Adjuvant! Online, the 70-gene signature and the recurrence score, to estimate the relapse risk and the probable benefit of chemotherapy [23] .
Side Effects in Elderly Patients
It has been shown that older women tend to be more interested in the side effects and the impairment of their quality of life than younger patients when choosing an adequate treatment [24] . It is therefore of great importance to carefully balance the risks and side effects against the benefit of a given regimen. The 'expert' recommendation is a strong determinant of receiving chemotherapy for BC. The CALGB [25] reported that the preference for chemotherapy is associated with greater odds of receiving chemotherapy. In addition, when the chemotherapy indication is less strong, higher rating of the physician-patient communication is an important determinant of use. In this cohort, most of the elderly women preferred an active role in their treatment decisions.
Acceptance of therapy does not differ among younger and older patients. However, older patients are less willing to compromise their quality of life and independence for potentially increased survival [26] . General health and functional independency are key compounds of quality of life in elderly patients and should be considered in finding informed decisions. Age is an independent risk factor for receipt of nonstandard BC therapies. Taking into account even comorbidity and recurrence risk, women 75 years or older are more likely to receive non-standard therapy [10, 27] . Factors contributing to non-standard therapy include race, cultural environment, socioeconomic status, social support, comorbidities, and physical barriers (e.g., sensory impairment and poor mobility).
In retrospective analyses from our institute, it has been shown that not only anthracyclines but also taxanes induce a greater range of side effects in patients > 65 years of age than in younger patients [28] . Nevertheless, older patients were able to cope with the side effects and adequate dosing of chemotherapy was possible. Supportive treatment such as the primary use of granulocyte colony-stimulating factor (G-CSF) should be considered regularly, as recommended by the American Society of Clinical Oncology (ASCO) panel [29] and the European Organisation for Research and Treatment of Cancer (EORTC) guidelines [30] , where the recommendation for the use of G-CSF has been expressed for all patients ≥ 65 years when the planned chemotherapy has a risk of febrile neutropenia (FN) of 10% or higher. Age ≥ 65 years is an individual risk factor for FN.
Adjuvant Chemotherapy Studies in Elderly Patients
In Germany, the ICE trials (ibandronate and capecitabine in elderly patients) investigate the effectivity and safety of different therapy approaches in elderly patients with early BC.
The first ICE study (NCT00196859) is a prospective, multicenter, randomized phase III intergroup study comparing the outcome of patients of ≥ 65 years with or without adjuvant capecitabine treatment [31] . Elderly patients with early BC with node-positive disease irrespective of additional risk factors or node-negative disease with at least 1 other risk factor (histologic tumor size ≥ 2 cm, grade II or III, ER and progesterone receptor (PR) negative) received the bisphosphonate ibandronate with or without capecitabine. The primary endpoint was to compare disease-free survival between the 2 treatments.
The ICE study also analyzed the quality of life in elderly patients [32] receiving capecitabine with or without ibandronate and showed the expected difference in quality of life after the end of chemotherapy, although the physical functioning under capecitabine was not compromised. The global quality of life and the systemic therapy side effects were significantly higher in patients receiving capecitabine. This difference resolved soon after the end of the last capecitabine intake.
Capecitabine treatment is feasible in elderly patients with favorable hematologic and acceptable non-hematologic tolerability. Based on the observed safety profile in the first 100 patients, the ICE study therefore proceeded and finished recruitment in 2010 with close to 1500 patients. Early in 2013, after a median follow-up of 5 years, the analysis might be conducted. However, events are rare and the expected number of events has still not been reached. Loibl/Reinisch strated that geriatric tools and oncology tools have only a weak correlation. Therefore, a geriatric assessment should be done in all elderly patients irrespective of their BC risk. There is currently no standard defined and no assessment tool routinely implemented in everyday clinical practice. But there is strong evidence in the general elderly population that routine implementation of geriatric assessment can improve patient compliance, treatment tolerability, quality of life, and finally also survival. The assessment focuses on comorbidities, depression, nutrition and activity of daily living, and the extent of restriction [40] . Especially older patients participating in a cancer clinical trial should have some kind of geriatric assessment (G8 score, Charlson score, Vulnerable Elders Survey (VES) score, instrumental activities of daily living (IADL)). The EORTC elderly task force for elderly patients suggests a 2-step approach: A short, simple screening tool could be used to identify the fit patients who do not need a full geriatric assessment. For the others, a more formal CGA is required (in collaboration with geriatricians) to provide a more complete view of the patient's status and to allow the identification of patients, who need special support and monitoring while receiving the chemotherapy, as they have an increased risk of toxicity.
In concordance with the EORTC, the German AGO (Arbeitsgemeinschaft Gynäkologische Onkologie) [41] also recommends the geriatric assessment of elderly patients. They suggest the Charlson comorbidity index [42] as a widely used tool with broad experience, as well as the G8 test. It is a screening tool in form of a questionnaire, which includes 7 Mini Nutritional Assessment items and 3 age ranges (< 80, 80-85, > 85 years), for a total score ranging from 0 (poor score) to 17 (good score) [43] .
Mild to moderate comorbidity does not seem to influence survival compared to patients with no comorbidities [44] . In general, older patients should not run the risk of undertreatment based on the fear of increased toxicity, decreased compliance, and increased hospitalization due to side effects. Geriatric assessment will help the physician weigh the risk of relapse or death from BC against comorbidities. Evidencebased treatment recommendations should be developed taking the patient's biological age into account and not only the chronological age.
The AGO [32] distinguished between the fit and the frail elderly patient with a life expectancy of more than 5 years or less, in addition to substantial comorbidities or not. A further interpretation of the comorbidities is up to the investigator. In case of a fit elderly patient < 70 years old with a life expectancy of more than 5 years, the patient should be treated according to standard recommendations with regard to chemo therapy, hormonal therapy, and surgery. If the patient is > 70 years old, administration of chemotherapy should be done within clinical trials. In frail older patients, a monochemotherapy should be preferred and surgical interventions
ICE II
There is a need for improved taxane-based but anthracyclinefree combinations. It needs to be investigated whether anthracyclines in the adjuvant setting are necessary, especially in elderly patients who are at higher risk of cardiac toxicity, as anthracyclines can induce cardiac toxicity, especially congestive heart failure. This risk is increasing with age [33] . Jones et al. [17] could demonstrate that 4 × TC is as good as 4 × AC. Based on the data by Muss et al. [13] , the ICE II study compares the standard regimen of EC or CMF with an anthracycline-free regimen consisting of capecitabine and nanoparticle albumin-bound paclitaxel (nab-paclitaxel), to demonstrate superiority in terms of tolerability and efficacy of the anthracycline-free polychemotherapy.
The currently recruiting ICE II study (NCT01204437) is an investigational randomized phase II(-III) study in elderly BC patients at high risk of relapse based on either urokinasetype plasminogen activator/plasminogen activator inhibitor 1 (uPA/PAI-1) or a clinical-biological algorithm [34] [35] [36] . The ICE II study compares the disease-free survival for epirubicin plus cyclophosphamide (or CMF) with nab-paclitaxel plus capecitabine as adjuvant chemotherapy for elderly non-frail patients with an increased risk for relapse of a primary carcinoma of the breast. In case of a low-risk tumor, patients will not be included in the ICE II study.
Although therapy options for elderly patient started to receive more attention recently, the studies focusing on this age group are still too few when checking www.clinicaltrials.gov for further studies investigating the elderly population [37] . The National Cancer Institute of Italy currently runs a study in patients of 65 years to < 80 years, comparing the disease-free survival when treated with CMF versus adjuvant weekly docetaxel. They report in an unplanned safety analysis [38] the side effects of these 2 different regimens, concluding that docetaxel has less hematologic side effects than CMF.
Geriatric Assessment and Clinical Recommendations of Adjuvant Chemotherapy Regimens
Elderly patients cannot only be discriminated by age alone. Increasing age is associated with a variety of changes like decreased organ function, increased comorbidity, comedication, decreased functional status, and limited life expectancy. Different tools are known to separate the fit elderly patients from the frail ones. A comprehensive geriatric assessment (CGA) bases the decision on dependencies in daily activities, comorbidities, depression, cognition, nutritional status, and social circumstances. A geriatric functional status measurement is different form the instruments used in oncology like the Karnofsky index or the Eastern Cooperative Oncology Group (ECOG) performance status. Extermann et al. [39] should be done with caution. Nevertheless, adequate treatment according to the patient's situation and disease should not be withheld.
Conclusions
There is no aspect of management of older individuals with BC that should be driven by chronological age alone. A multidisciplinary oncological and geriatric approach may optimize the management of older individuals. Patient preference, comorbidities, and potential side effects should guide the management decisions. Patients should be closely monitored for side effects, with prompt intervention. Several BC trials in older individuals closed prematurely due to poor accrual. Currently recruiting clinical trials should be taken as an opportunity to further increase the evidence upon which we base our decisions.
The recommendations of the International Society of Geriatric Oncology (SIOG) and the European Society of Breast Cancer Specialists (EUSOMA) emphasize [10] : '... Despite competing causes of death, breast cancer is the cause of death in a substantial number of older patients. In women ≥ 80 years at diagnosis, up to 40% die from breast cancer. Underestimation of life expectancy and fitness for therapy may result in age-related under-treatment, itself a risk factor for breast cancer recurrence and death.' 
